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A Passive Radar Detector for Dualizing 
Missile Seeker Capability 

DEDICATORY CLAUSE 

The invention described herein may be manufactured, used and licensed 
by or for the Government for governmental purposes without the payment to us 
of any royalties thereon. 

BACKGROUND OF THE INVENTION 

Having begun using anti-radiation homing missiles (ARM) 30 years ago 
during the Vietnam War to suppress hostile air defense radars, the U.S. military 
has used ARM's in every conflict since then. In an ARM, a microwave receiver 
on the missile is tuned to the frequency of the threat radar to enable it to acquire 
the radar. Upon acquisition, the received frequency is processed to derive 
direction finding (DF) information which is subsequently provided to the 
missile's autopilot. The result is a more direct hit of the missile on the target 
radar. 

While its operation sounds fairly straightforward, ARM's suffer from two 
major problems. One is that if no target radar turns on during the discover-and- 
destroy mission, the ARM is totally useless. Another is that ARM's typically are 
not able to hit the target radars when some of the radar's energy bounces off the 


ground around the radar and gives a false target. Further, air defense radars 
usually blink (i.e. turn on and off) as a countermeasure, resulting in a low kill 
probability for the threat radar. 

Thus it is desirable to have a dual or multi-mode seeker weapon that has 
5 both an active mode, such as millimeter wave (MMW) or Imaging Infrared 
(IIR), and a passive mode radio-frequency (RF) homing capability. Such a 
multi-mode seeker has two main advantages. The first is that if no emitting air 
defense radar is encountered, the weapon can still be used in the active mode 
since the active mode requires no emission from the target. The MMW radar on 

10 the missile emits signals that are reflected from the target and received back at 
the missile by MMW antenna 201 . The second is that the active mode can also 
be used for the terminal portion of the missile's flight, after the missile has flown 
the initial and mid-course portions using the passive mode, to decrease any miss 
distance from the target radar. 

15 The drawbacks to dual/multi-mode weapons are their cost and the present 

inability to put physically all of the required hardware into the missile due to 
limited space. 

SUMMARY OF THE INVENTION 

20 Applicants' Passive Radar Detector for Dualizing Missile Seeker 

Capability overcomes the drawbacks mentioned above by incorporating a 
passive RF detector into a standard active MMW seeker missile with a minimum 
of microwave hardware modifications. To accomplish this, anti-radiation 
homing (ARH) antennas and down conversion elements are added to the missile. 

25 The added antennas intercept the air defense radar emission signals and the 
conversion elements convert the intercepted signals to the intermediate 
frequency (IF) usable by the MMW radar. The IF can then be processed by the 
signal processor that already exists as a part of the MMW seeker. Using the 
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existing processor greatly reduces both the size and cost of having a passive 
supplemental detector for detecting hostile radars. 

DESCRIPTION OF THE DRAWING 

Figure 1 illustrates the overall operational scheme for a missile having 
5 dual mode radar seeking capability. 

Figure 2 is a schematic diagram of the dual mode capability. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawing wherein like numbers represent like parts in 

10 each of the figures, the Passive Radar Detector for Dualizing Missile Seeker 
Capability is explained in detail. 

Figure 1 illustrates the overall operational scheme for a missile having 
both active MMW and passive ARH radar seeking capabilities. During the 
initial and mid-course portion, designated R u of the entire path Ro between 

15 deployment of missile 101 and selected hostile air-defense radar 103, the missile 
homes on the emissions from the hostile radar. But during the terminal portion, 
R 2 , the missile switches to the active MMW mode to acquire the hostile radar 
and provide accurate guidance to it. The distance R 2 is a function of the 
missile's speed and maneuverability, but is generally in the range of 2-4 Km for 

20 a tactical missile. If there is no emission from any hostile radar, then the missile 
can be used in the purely active MMW mode against selected targets. 

Figure 2 shows schematically how a passive mode radio frequency ARH 
detector is incorporated into a missile that already has MMW capability. Even 
though the figure shows only one channel of the passive ARH detector, this is 

25 for illustrative purposes only. For best performance, at least three, preferably 
four, passive detector channels should be incorporated, with corresponding ARH 
antennas 212 being mounted on the exterior of the missile at regular intervals 
around the missile's circumference. With the proper multiplexing between 
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them, the multiple detector channels provide the azimuth and elevation direction 
finding (DF) information. 

Two basic DF techques can be used: phase comparison monopulse and 
amplitude comparison monopulse. Because of the broad beamwidths of the end- 
5 fired antennas envisioned for this invention, the phase comparison monopulse 
technique is preferred. In the well-known phase comparison DF technique, the 
angle of arrival of the radar emission signal is determined by comparing the 
phase of the emission signals from a set of antennas. 

In the purely MMW mode, first switch S 1 is closed and second switch S2 

10 is open. In this mode, the MMW signal received by MMW antenna 201 is 

down-converted to intermediate frequency (IF). The conversion is performed by 
first mixer 203 which simply multiplies frequencies of first local oscillator 202 
and those of the incoming reflected MMW signals. The IF signal is then 
transmitted via switch SI to receiver 204 which digitizes the IF signal using 

15 analog-to-digital converter (A/D) 205. The digitized signal is processed by 
digital signal processor 206 to provide estimates of where the target is with 
respect to the missile. 

When the missile is in the ARH mode, switch SI is open and S2 is closed. 
The signal emitted by the threat radar is collected by ARH antenna 212 and is 

20 converted to IF by second mixer 209 which multiplies the collected radar signal 
with the signal input from second local oscillator 208. The IF is input via S2 to 
analog-to-digital converter 205 where it is processed in the same way the IF in 
MMW mode is processed. In the ARH mode, digital signal processor 206 
utilizes a set of logic that is specifically designed for identifying and processing 

25 threat radar signals. Algorithms for sorting and processing hostile radar signals 
are well known in the art. 

In both modes, the digital signal processor (DSP) controls the frequency 
of the local oscillators. For the first local oscillator, if a step-frequency pulse 
generation is used, the DSP controls the frequencies generated in the first 
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oscillator so that the signal returning from threat radar is down-converted to a 
frequency that can be digitized in the A/D. This allows for frequency agility so 
that different waveforms can be utilized as needed in the detection system. For 
the second local oscillator, DSP control allows the signal received by the ARH 
5 antenna to be down-converted to a signal of lower frequency that can be 

digitized by the A/D. The frequency of the second local oscillator is changeable 
depending on the radar frequency to be detected. 

Upon reaching the beginning of range R 2 , S2 is opened and SI closed so 
that the terminal portion of the missile's flight can be conducted using direction 

10 finding information from the MMW antenna. 

Although a particular embodiment and form of this invention has been 
illustrated, it is apparent that various modifications and embodiments of the 
invention may be made by those skilled in the art without departing from the 
scope and spirit of the foregoing disclosure. Accordingly, the scope of the 

15 invention should be limited only by the claims appended hereto. 
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